gradient across the membrane. Two crystal structures of another prokaryotic NSS homolog with 11 TMs, the multi-hydrophobic amino acid transporter (MhsT) from Bacillus halodurans were resolved recently (Malinauskaite et al., in press ). The substrate L-tryptophan and two Na þ are bound in the central substrate binding (S1) site and the nearby Na1 and Na2 sites, respectively, similar to the LeuT structures. In these two MhsT structures, however, the extracellular vestibule is collapsed and the intracellular portion of TM5 (TM5i) is in either an unwound or a helical conformation. We investigated the potential involvement of TM5i in Na2 binding and unbinding by carrying out comparative molecular dynamics simulations of the models derived from the two MhsT structures. We find that the helical TM5i conformation is associated with a higher tendency for Na2 release. By using comparative network analysis, we also identify allosteric pathways connecting the region near TM5i and the Na2 binding site to the extracellular vestibule in MhsT. Based on these results, we propose that TM5i plays a key role in the conformational transition toward the inward-open state and eventual release of substrate, by coordinating the intracellular exit of Na2 with the rearrangement of TM1i and the N terminus. Such a role of TM5i may be shared across the NSS family notwithstanding the structural differences between the eukaryotic and prokaryotic NSSs. The levels of inorganic phosphate (Pi) in humans are tightly regulated to prevent pathologies such as bone loss and vascular calcification. Sodium-coupled Pi transporters of the SLC34 solute carrier family (NaPi-II) are responsible for intestinal Pi absorption and renal Pi reabsorption. These transporters move divalent Pi into the cell using the transmembrane sodium electrochemical gradient. All three isoforms, NaPi-IIa, IIb, and IIc, are thought to bind three sodium ions during the transport cycle, although NaPi-IIc co-transports only two of those ions, whereas the other isoforms (IIa, IIb) co-transport three sodium ions and are consequently electrogenic. Although extensive functional studies have provided valuable insights into this family of transporters, unfortunately no three-dimensional structural data is available. Recently, we proposed a structural model of NaPi-IIa based on a crystal structure of a sodium-coupled dicarboxylate transporter VcINDY. With this model, we successfully predicted the regions of the protein that mediate binding of the phosphate anion and two of the sodium ions (Na2 and Na3), but it was not possible to identify the position of the sodium ion that binds first to the empty transporter (Na1). Here, we used molecular modeling techniques to refine the earlier model by adjusting the target-template sequence alignment for transmembrane helices 2, 5 and 6. We obtained two alternative structural models with different implications for a putative Na1 binding site, and with possible improvements to the coordination in the predicted Na3 binding site. These alternatives were assessed by biochemical and electrophysiological analysis of site-specific mutants of human NaPi-IIa. The experimental results strongly favor one of the two models, and identify residues with a key functional role in the transport process. The improved NaPi-IIa model provides a firmer foundation for a molecular-level understanding of sodium-coupled Pi uptake by SLC34 transporters. Gene products of the SLC34 family (NaPi-IIa,b,c) catalyse uphill transport of inorganic P i in renal and intestinal epithelial tissue and require 3 Na þ ions and one divalent P i to bind with the protein before translocation. The first Na þ interaction is a critical event in the transport cycle. For electrogenic isoforms (NaPi-IIa,b), the voltage dependence of cotransport is determined by (i) displacement charges intrinsic to the protein that alter the sidedness of cation accessibility and (ii) movement of cations to the so-called Na1 site, within the transmembrane field. Li þ ions can substitute for Na þ at Na1 but not at the other sites (Na2,3). Refinements of a homology model of NaPi-IIa in the outward facing conformation, based on the crystal structure of the dicarboxylate transporter VcINDY, have allowed prediction of residues that contribute to cation coordination at Na1. To establish their involvement, we made single alanine substitutions at putative positions in each repeat unit (RU1,2) of the human NaPi-IIa isoform and investigated the kinetic properties of the mutants by voltage clamp and 32 P uptake. Comparison of the steady-state and presteadystate kinetics with the WT profile allowed further refinement of the putative Na1 region. Substitutions at 3 positions in RU2 resulted in non-functional mutants that nevertheless showed cation interactions, as evidenced by resolvable presteady-state relaxations. In contrast, 5 functional mutants in RU1 resulted in marginal changes in substrate apparent affinities, yet at three positions, we observed significant hyperpolarizing shifts of voltage dependence. Importantly, the ability of Li þ ions to substitute for Na þ ions was increased compared with the WT. Our data suggest that these positions in RU1 are critical for cation coordination at Na1 and place Na1 cytosolic to the Na2-Pi-Na3 binding region, which is common to all NaPi-II isoforms. Sunday, February 8, 2015 29a
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